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This NASA grant has funded studies of cosmic objects observed by both 
the EGRET detector aboard the Compton Gamma-ray Observatory and Whip- 
ple Gamma-ray imaging telescope. The former has sensitivity up to a few GeV 
and latter has sensitivity starting at about 200 GeV extending up to beyond 10 
TeV. Thus these instruments probe some of the most energetic phenomena m the 
universe. This program has been in place for several years and led to important 
results referred to below. 

The Whipple Observatory Imaging Cherenkov Telescope consists of a 10-meter 
reflector with a nanosecond photomultiplier-tube camera at the focal plane. During 
the time period covered by this grant, it had 151 pixels or 331 pixels on a 1/4 de- 
gree hexagonal pattern. As a TeV gamma ray enters the atmosphere, it produces an 
electron/positron pair initiating an extensive air shower. Cherenkov light from the 
electrons and positrons in the shower form an image of the shower at the phototube 
camera. The shape and intensity of this image is used to distinguish gamma-ray 
intiated showers from cosmic-ray (largely proton and alpha-particle) background 
showers and to derive an energy estimate for the primary gamma-ray. The Whip- 
ple Observatory gamma-ray collaboration pioneered this imaging technique which 
normally rejects over 99 percent of the cosmic-ray background while keeping over 
70 percent of the gamma-ray signal. One of its key features is large collection area 
which can exceed 50,000 meters 2 . 

This grant covered two major efforts. The first was correlated observations of 
Markarian 421 and Markarian 501, the two known TeV AGN’s. These objects were 
observed with the Whipple gamma-ray telescope when possible and, because of the 
high flux detected from Markarian 501 (Breslin, A., et al. 1997, IAUC, 6241), a 
ToO for CGRO which we had requested was granted in April 1997. This led to 
the OSSE detection of up to 400 keV photons from Markarian 501 and an EGRET 
upper limit which indicates a rapid drop-off in power output between EGRET and 
Whipple energies. BATSE observations of the two AGNS were analyzed by Dick 
Lamb and no evidence for flares was seen. The results are given in Catanese et al., 
1998 and Samuelson et al., 1998 (see below). The second major effort consisted of 
observations of all northern hemishpere BL Lac objects on the Einstein Slew Survey 
which have redshifts of less than 0.2. These observations were made, but with no 
new detections. The results were given in two conference proceedings: Catanese, 
M., et al. 1997, Proc. of the Fourth Compton Symposium, Williamsburg, VA, eds. 
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C.D. Dermer, M.S. Strickman, J.D. Kurfess, AIP:New York, 1397 and Catanese, 
M., et al. 1997, Proc. of the 25th ICRC (Durban, South Africa), eds. M.S. Potgeier, 

B. C. Raubenheimer, D.J. van der Walt, 3, 277. The work is now being written up 
for publication as a journal article. The money from this grant was used to partially 
support two post-docs, Mike Catanese and Frank Krennrich. 

Among the recent accomplishments of the Whipple Observatory relevant for 
work in this area and which have been partially underwritten by this and other 
recent NASA ISU grants are: (1) Discovery of a flare from Markarian 421 (paper 
by Kerrick et al. 1995 below). (2) Multiwavelength observations of Markarian 421 
during this same flare (paper by Macomb et al. 1995). (3) Discovery of a second TeV 
AGN, Markarian 501 (paper by Quinn et al. 1996). (4) Observation of Markarian 
421 at large zenith angles (paper by Krennrich et al., 1997). (5) Discovery of a third 
TeV AGN (paper by Catanese et al., 1997). (6) Discovery of remarkably intense and 
short flares from Markarian 421 (paper by Gaidos et al., 1996) and (7) measured 
the spectrum during this flare (Zweerink et al., 1997). (8) Organization of multi- 
wavelength campaigns for observation of Markarian 421 (see., e.g, Buckley et al., 
1996) and Markarain 501 (Catanese et al., 1997). (9) Setting TeV emission limits 
for several shell- type supernova remnants which are putative sources for galactic 
cosmic-rays (Buckley et al., 1997). 

Below we list refereed publications that have been supported, at least in part, 
by this grant and related recent ISU NASA grants. 
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